Introduction: In many countries including Canada, excess consumption of dietary sodium is common, and this has adverse implications for population health. Socio-economic inequities in sodium consumption seem likely, but research is limited. Knowledge of socio-economic inequities in sodium consumption is important for informing population-level sodium reduction strategies, to ensure that they are both impactful and equitable. Methods: We examined the association between socio-economic indicators (income and education) and sodium, using two outcome variables: 1) sodium consumption in mg/day, and 2) reported use of table salt, in two national surveys: the 1970/72 Nutrition Canada Survey and the 2004 Canadian Community Health Survey, Cycle 2.2. This permitted us to explore whether there were any changes in socio-economic patterning in dietary sodium during a time period characterized by modest, information-based national sodium reduction efforts, as well as to provide baseline information against which to examine the impact (equitable or not) of future sodium reduction strategies in Canada.
Introduction
Excess dietary sodium consumption is a significant concern in many countries, due to its common occurrence and health implications. For example, national data from France, Finland, Canada, the USA, the UK, Brazil, and Turkey [1] show that average daily sodium consumption in these populations all exceed, some by a large margin, both the 2,000 mg/day maximum recommended by the World Health Organization [2] , and the 2,300 mg/day Tolerable Upper Intake Level (UL) previously recommended by the U.S. Institute of Medicine [3] . In Canada, over 85% of men and over 60% of women age have sodium intakes exceeding the 2,300 mg/day UL [4] . Most (75-80%) of this sodium comes from processed foods [5] . There is strong evidence that excess sodium intake is a risk factor for hypertension, stroke, and cardiovascular disease [6, 7] . High blood pressure, which is directly linked with high sodium intake, is considered the leading preventable risk factor for death in the world [8] .
In addition to high prevalence, socio-economic inequities in health problems are a prominent concern [9]. Socio-economic inequities in health are differences in health along social and economic axes, which are problematic to the extent that they are avoidable [10, 11] . The dynamics of global capitalism since the 1970s have produced a widening gap between rich and poor [12, 13] . This growing gap has implications for population health: large, persistent, and in many cases increasing socioeconomic inequities have been documented for many health indicators, including those linked to high sodium intake such as heart disease and hypertension [14, 15] .
Socio-economic inequities exist for various aspects of diet. For example, Tarasuk et al. [16] observed that higher income and/or education was associated with a better nutrition profile, including: greater intake of fruit and vegetables, vitamins, minerals, and fibre [sodium was not examined]. Socio-economic inequities in diet reflect a number of factors, including food affordability, availability, preferences, food meaning and symbolism, and social and cultural norms [17] . Global trends related to agricultural production and trade, food processing and retailing, and advertizing and promotion have contributed to lower quality (i.e., highly processed) foods being highly accessible to those of lower socio-economic circumstances [18] . Because sodium serves a myriad of functions in processed foods, and because of the high accessibility of processed foods to those of lower socio-economic circumstances [18] , it is plausible that sodium consumption is higher among those of lower socio-economic position [19] . However, direct evidence is limited.
Two Canadian population-based studies reported positive associations between socio-economic factors and sodium consumption based on food purchase [20] and intake based on a 24 hour dietary recall [21] . However, the association was reduced to non-significance when adjusting for energy differences in one study [20] , suggesting that higher sodium among higher income people reflects that they purchase more food. Internationally, British national data [22] indicated an inverse association between socio-economic position and sodium intake (diet survey and 24-hour urine); Finnish data revealed an inverse association between education and sodium (from 24-hour urine samples), in certain provinces [23] ; U.S. data (from 2003/04 NHANES) showed a positive association between income/education and sodium (dietary interview) [24] ; and a Swiss study [25] revealed no association between dietary salt intake (FFQ) and either occupation or education among adults in Geneva.
In recognition of the high prevalence of excess sodium consumption and the associated health implications, a growing number of countries are developing national sodium reduction strategies [26] . In general, these strategies align with the population-level approach to prevention as articulated by Rose [27] , in that they target whole populations, without regard to variation in individual risk status, and thus have the potential to impact health at the population level. Reduction of dietary sodium lends itself to a population-level intervention approach for several reasons: first, as noted, in many countries a majority consumes excess sodium, and thus sodium reduction is broadly pertinent. Second, the association between sodium intake and blood pressure is linear with no obvious threshold [1] , and thus there is no clear cutoff with which to identify a discrete high-risk group of individuals for targeted intervention. Third, several modeling studies have illustrated that the population-level impact of a widespread reduction (even a small reduction) in sodium intake is potentially very large, and would have significant cost savings [28, 29] .
The specific strategies included in these national initiatives vary [30] and may range in character from those that are more agentic (i.e., efforts to encourage behaviour change among individuals, such as by educating the public about the health implications of excess sodium consumption) to those that are more structural (i.e., efforts to modify the conditions in which behaviors occur, such as by working with food companies to set targets for maximum levels of sodium in food products) [31, 32] . There is concern, which is backed up empirically, that intervention strategies of a more agentic nature could, in the absence of accompanying structural approaches, contribute to a widening or worsening of socio-economic inequities in health outcomes [31, [33] [34] [35] [36] . This in part reflects socio-economic variation in ability to benefit from those interventions, which may require active uptake. In Canada, during the time period studied in this research, sodium reduction efforts were modest and the main one was agentic in nature: in 1982, a moderation statement was added to Canada's Food Guide, which encouraged Canadians to limit the amount of salt (along with sugar and fat) when selecting and preparing foods [37] .
In summary, socio-economic inequities in sodium consumption seem likely, but research is limited in quantity and its results are mixed. Knowledge of socio-economic inequities in sodium consumption is important for the growing number of countries that are developing national sodium reduction strategies, to ensure that those strategies are equitable in their impact. The purpose of our study was to examine the association between socioeconomic indicators (income and education) and sodium consumption (sodium consumption in mg/day, and reported use of table salt) among Canadian adults, in 1970/72 and 2004. This permitted us to explore whether there were any changes in socio-economic patterning in dietary sodium during a time characterized by modest, information-based (agentic) sodium reduction efforts, as well as to provide baseline information against which to examine the impact (equitable or not) of future sodium reduction strategies in Canada.
Methods

Data sources
We analyzed data from the 1970-72 Nutrition Canada Survey (NCS) and the 2004 Canadian Community Health Survey, Cycle 2.2 (CCHS). The surveys are not identical (see below), but have important similarities; both surveys: 1) used a stratified, multistage probability sampling technique to ensure representation of the ten provinces at the time; 2) included a sampling weight to account for the complex sampling design and patterns of non-response; 3) standardized the collection, interpretation, recording of data [38, 39] ; and 4) included a 24-hour dietary recall, and are to date the only Canadian national surveys to have done so (there are no more recent national dietary data for the Canadian population).
The 1970-72 NCS was administered by the Food and Drug Directorate of Health and Welfare Canada [40] . The target population was residents (all ages) of the ten provinces, excluding "Indians in bands and persons living in institutions and military camps" [38] and the sampling frame was a list of households based on the Canadian census. The response rate was 46% [38] . Data were collected via interview and during a clinic visit. The 2004 CCHS was Canada's second national nutrition survey. The target population was Canadians age 2 years and older living in the ten provinces, excluding those living on First Nation reserves, in institutions, in prisons, in some remote areas, and who were regular members of the Canadian Armed Forces [39] . The sample was drawn using two sampling frames: an area frame designed for the Canadian Labour Force Survey which covers nearly the entire population, and a list frame created using household information of respondents to a previous iteration of the CCHS (cycle 2.1). The response rate was 76.5% [39] . We focused on men and women of working age (25-64 years) living in the ten provinces.
Variables
Sodium consumption was measured in two ways: Sodium in milligrams per day was computed from the 24-hour dietary recall data from each survey. In the 1970-72 NCS, we merged recall data with data from the survey's nutrient file, which was based on a U.S. food composition database [41] supplemented by several Canadian food codes for cookies and cakes [42] . In the 2004 CCHS, nutrients were estimated based on the Canadian Nutrient File (CNF) version 2001b supplement, a recipe file, and survey foods (food items that were not in the CNF but for which some nutritional information was available [39] ). The CNF 2001b supplement is based on the USDA National Nutrient Database for Standard Reference (up to and including SR17); modifications include levels of fortification and regulatory standards specific to Canada, some Canadian only foods, and some brand name foods [39] ). Reported use of table salt was based on a single item in the 1970-72 NCS: "Do you use free-flowing table salt?" (yes/no) and a composite variable in the 2004 CCHS: "How often is salt added at the table/while cooking?" which we dichotomized into yes (very often, occasionally, rarely) and no (never).
Predictor variables were income and education. For income, the 1970-72 NCS variable was "total annual family income from all sources", which "includes family allowance, family assistance, old age benefits, welfare payments [and] should also include an estimate of the value of wages paid in kind, e.g., milk, fuel, staples" [42] . To simplify the models, the original 6-category variable was collapsed into three categories: $3,999 and less, $4,000-$9,999, and $10,000 and over a . For the 2004 CCHS we used the income adequacy variable which is derived from several questions about amount and sources of (gross) income and household size. Guided by the distribution of the data we created a three-category variable: lowest and lower middle; upper-middle; and highest income adequacy. While these dollar values are not directly comparable over time, the categories permit us to examine the relative differences between those with more, versus less, income in the population at the time.
Education in the 1970-72 NCS was recorded as a semi-continuous variable indicating the highest grade achieved (range 1-13); the number of years after high school, other than college, successfully achieved (range 1-9); or the number of years of college successfully completed (range 1-9). Credentials (e.g., high school graduation) were not recorded. Guided by the distribution of the data and a desire to have somewhat meaningful categories, we created a four category variable: grade 8 completed or less; grade 9-13 completed; some (range 1-9 years) post-high school other than college completed; and some (range 1-9 years) college completed. For the 2004 CCHS we used a four-category variable based on credentials: less than secondary graduation; secondary graduation +/− some (incomplete) post-secondary; credential below bachelor's degree (e.g., certificate); and bachelor's degree or above. Again, though categories are not directly comparable, they permit us examine the relative differences between those with more, versus less, education in the population at the time.
We adjusted for potential confounders: age, region of residence (British Columbia, Prairie provinces, Ontario, Quebec, Atlantic provinces), urban/rural residence, employment status (employed or not), marital status (married or common law versus not; CCHS only; not available in NCS), and birthplace (in the ten Canadian provinces versus elsewhere for the NCS; in Canada or elsewhere for the CCHS). We also adjusted for energy intake (kcal) estimated from the 24 hour recall, recognizing the correlation between sodium and energy intakes which could introduce error (higher sodium intake could be an artifact of higher reported total food intake; lower sodium intakes could be a function of under-reporting or lower reported dietary intakes).
Analysis
First, we regressed sodium (mg/day) on income and education, unadjusted and adjusted for covariates, using ordinary least squares (OLS) regression. Second, to complement the OLS analysis which yields average effects of income and education, we computed the concentration index of inequality [43] which indicates how concentrated the health outcome (sodium, mg/day) is along the distribution income and education, taking into account the different proportions in the categories at different time periods. Third, we regressed reported use of table salt (yes/ no) on income and education, unadjusted and adjusted for covariates using binary logistic regression.
In the CCHS, the 24-hour dietary recall was completed a second time for a sub-sample of respondents, which permits application of a correction algorithm for estimating usual intake. We used the algorithm produced by the National Cancer Institute (NCI) which, like other modeling methods for estimating usual intake of nutrients, uses information gleaned from the second recalls to analytically estimate and 'remove' the effects of withinperson variation from the entire observed distribution of intakes [44] . To explore whether our OLS findings are robust to the usual intake estimation, we estimated distributions of usual sodium intake for all sex-SES groups, and compared 10 th , 25 th , 50 th , 75 th , and 90 th percentile estimates, and the mean, between SES groups using independent samples t-test.
We used Stata (v. 11.2), and SAS (v. 9.2) software. All models incorporate sampling weights as directed by Statistics Canada. For OLS and binary logistic models, confidence intervals were computed using standard Stata procedures; the reason being that the 1970/72 NCS does not come with bootstrap weights and our aim in those analyses was to maximize comparability of datasets. However, the standard errors associated with the percentiles of the estimated distribution of typical sodium consumption from the 2004 CCHS were estimated by a resampling method that is written within the NCI SAS macros, using the Statistics Canada bootstrapping weights. We ran models separately for men and women. The Conjoint Health Research Ethics Board at the University of Calgary approved the study (ID # E-24264).
Results
Descriptive statistics are shown in Table 1 . A total of 74 (1.6%) and 1,761 (14.4%) respondents were excluded due to missing data on one or more variables in the NCS and CCHS respectively. In the NCS, those with complete data consumed more energy (kcal), were older, were more likely to have lower educational attainment, and were more likely to be employed than those with incomplete data (p < .05). In the CCHS, most missing data occurred for income (n = 916) and for country of birth (n = 612). Those with complete data in the CCHS consumed more energy (kcal) and sodium; were more likely to be in the highest income category, to live in Quebec or the Atlantic region, and to be employed; and less likely to live in an urban environment, compared to those with incomplete data (p < .05).
Results from the OLS regressions are shown in Tables 2  and 3 . For males ( Table 2) , neither income nor education was associated with sodium intake (mg/day), in the 1970-72 NCS or in the 2004 CCHS. For females (Table 3) , there was no effect of income in either dataset. For education, there were significant but opposite effects for women in 1970/72 and 2004: in 1970/72, women with the highest education (and women in the lower-middle education category, fully adjusted model only) consumed significantly less sodium than women with the lowest education. In 2004, women in the highest (at p<.10) and second highest education categories consumed significantly more sodium than women in the lowest education category, though this effect was not observed in the fully adjusted model.
Results from the comparison of estimated usual intake distribution across income and education groups, at the 10 th , 25 th , 50 th , 75 th , and 90 th percentiles and the mean, are shown in Table 4 . There was only one significant difference observed: the mean estimated usual sodium intake for women in the second highest education category (mid-high) was significantly higher than that for women in the lowest education category (t = 2.6, p < .05).
The concentration index can range from −1 to +1, with negative values (if statistically different from zero) indicating disproportionate concentration of the health problem within lower socio-economic groups. The concentration indices did not differ significantly from zero for men or women in 1970/72, or for men in 2004. For women in 2004, the concentration index for educationrelated inequality was statistically significant and positive, though small (0.007 [95% confidence interval 0.002 to 0.012], p = .011).
Results of binary logistic regression are shown in Tables 5 and 6. For men (Table 5 ), in 1970/72 those of middle income had higher odds of reporting table salt use than those of lowest income (at p < .10 in the partially and fully adjusted models); whereas in 2004 those of highest income had lower odds of reporting table salt use than those of lowest income. For women (Table 6) , no effects were observed at the p < .05 level (though there was a marginally significant negative effect of high income in 2004, similar to that observed in men).
Discussion and conclusions
Main findings were as follows: (1) There was no evidence of an inequity in sodium consumption (mg/day) in 2004, for men or women (though there was a negative effect of high education in women in 1970/72). Though findings pointed to a positive effect in women whereby women of higher education consumed more sodium than Income in the NCS: low (<=$3,999), middle ($4,000-$9,999), high (> = $10,000). Income in the CCHS refers to income adequacy based on gross household income and # of people in household: low (lowest and lower middle $ adequacy); middle (upper-middle $ adequacy); high (highest $ adequacy). 2 Education in the NCS: low (grade 8 or less); low-middle (grade 9-13); middle-high (some [1-9 years] post high school other than college); high (some [range 1-9 years] college). 3 Birthplace: in the ten Canadian provinces versus elsewhere (NCS); in Canada or elsewhere (CCHS). Column contains bi-variate associations between each predictor variable and the outcome variable (sodium intake in mg/day). 2 Column contains associations from single model containing all variables except energy intake (kcal). 3 Column contains associations from single model containing all variables. 4 Birthplace: in the ten Canadian provinces versus elsewhere (NCS); in Canada or elsewhere (CCHS). **p < .01; *p < .05; †p < .10. Notes. CCHS 2004 coefficients are based on the non-NCI-corrected data, to increase comparability with the 1970-72 NCS. 1 Column contains bi-variate associations between each predictor variable and the outcome variable (sodium intake in mg/day). 2 Column contains associations from single model containing all variables except energy intake (kcal). 3 Column contains associations from single model containing all variables. 4 Birthplace: in the ten Canadian provinces versus elsewhere (NCS); in Canada or elsewhere (CCHS). **p < .01; *p < .05; †p < .10. Column contains bi-variate associations between each predictor variable and sodium intake. 2 Column contains associations from single model containing all variables except energy intake (kcal). 3 Column contains associations from single model containing all variables. 4 Birthplace: in the ten Canadian provinces versus elsewhere (NCS); in Canada or elsewhere (CCHS). **p < .01; *p < .05; †p < .10. Table 6 Results of binary logistic regression analyses for FEMALES in a) the NCS (n = 2,566) and b) the CCHS (n = 5,612), with reported use of women of lower education in 2004, the OLS effect did not hold in fully adjusted models and the concentration index was very small; thus we focus on absence of inequity for both men and women as the main finding.
(2) For men, income was positively associated with reported use of table salt in 1970/72, but negatively associated in 2004.
The negative effect of income on reported use of table salt among men in 2004 (with a similar trend among women, though it did not reach statistical significance at the .05 level) is consistent with a contemporary inequity in reported use of table salt. This finding, which resembles socio-economic patterning observed for other reported health behaviors such as physical activity [45] , likely reflects socio-economic patterning of awareness of, attendance to, concern about, and inclination and ability to engage in, health promoting activities. That the effect was positive in 1970/72 but negative in 2004 suggests that the inequity emerged between the time points. As noted in the introduction section, inequities in health (including health behaviours) can (unintentionally) emerge or increase in response to some health interventions; in particular, interventions of an agentic nature, whose impact is dependent on individual uptake which itself may depend on one's social and economic resources [31, 35] . Though national sodium reduction efforts were not prominent in Canada during the time frame studied, one initiative that did occur was the addition, in 1982, of a moderation statement to Canada's Food Guide which encouraged Canadians to "select and prepare foods with limited amounts of fat, sugar, and salt" [37] . It is possible that uptake of this statement varied by income, thus contributing to the inequity observed here.
Though inequities in reported salt use are important, one must keep in mind that salt added at the table or while cooking constitutes only a small proportion of overall sodium intake (less than 10%) in most higher-income countries [5] . Thus, sodium consumption in mg/day is perhaps the more important metric in this study. For sodium consumption in mg/day, though there was an apparent educational inequity among women in 1970/72, there was no indication of inequity in 2004, and in fact for women findings pointed to a positive effect of education on sodium consumption. The absence of inequity in 2004 was somewhat contrary to expectations. One possible explanation is data limitations; for example, because nutrient estimates in the 2004 data were based on an older (i.e., 2001) nutrient file, they may not fully reflect the range of reduced-sodium food products. For example, a search of the Canadian Nutrient File [46] for reduced-sodium foods (i.e., "sodium-reduced", "low sodium", "low salt", "salt-reduced") revealed 21 items that were added to the database in 2001 or earlier, and 37 additional items that were added in 2004. Those 37 items were thus available on the market in 2004 but would not have been captured in the survey.
To the extent that purchase of reduced-sodium foods is patterned by socio-economic status [47, 48] , those inequities could be masked. The international literature points to the possibility that study findings may depend on the method of sodium measurement: whereas studies that used a 24-hour urine sample (gold standard) showed socio-economic inequities in sodium consumption [22, 23] , others that used self-report methods showed either a positive association [24] or no association [25] ). These differences could also reflect different dietary practices in those countries studied.
Data limitations notwithstanding, the absence of socioeconomic inequities in sodium (mg/day) prompts consideration of the possibility that strong socio-economic inequities in sodium do not presently exist, perhaps reflecting the very high prevalence of excess intake [1, 4] . With the ubiquity of sodium in the food environment [49] , it may be that no socio-economic group is exempt. A similar pattern has been observed with obesity, where inequities have lessened as prevalence has increased [50, 51] . An absence of socio-economic inequities in sodium would contrast with observations of inequities in some other aspects of diet [16] . One possible explanation pertains to trends in socio-economic patterning of eating outside of the home (e.g., in restaurants). Some studies [52] though not others [53] show a positive association between education and eating outside of the home, and sodium content of restaurant meals (including fast food and sit-down restaurants) has been found to be very high [54] . It is thus possible that more eating outside of the home is offsetting any nutritional advantages that higher education groups may otherwise have. If the observed absence of substantive and consistent socio-economic inequities in sodium consumption (mg/day) is accurate, and if it indeed reflects, in part, high prevalence of excess consumption, then it is important to consider that as population sodium intake decreases, inequities could emerge. This interpretation is consistent with fundamental cause theory (e.g., [55] ) whereby as population health improves, inequities more or less always emerge due to emerging variation in people's capacity to benefit from improvements. On the other hand, several studies have shown that population health improvements and worsening of socio-economic inequities do not necessarily co-occur. Drinking water fluoridation, mandatory food product fortification, and enforced seatbelt laws are examples of interventions for which improvements have occurred equitably [32, 51, 56, 57] .
From this point of view, it is important that national sodium reduction efforts include strategies that have been shown to be both impactful and equitable. In the UK, a national sodium reduction strategy has been implemented which includes sodium reduction in processed foods initiated voluntarily by companies, consumer education campaigns, front-of-package labeling, and restrictions on food marketing to children. Evidence is beginning to emerge that the UK strategy is both impactful and equitable [58, 59] . In Canada, efforts were undertaken to devise a national strategy [1] , which was in part modeled after the UK initiative. Unfortunately, progress on national sodium reduction in Canada appears to have stalled [60] .
Our study has limitations. While the 24-hour dietary recall has practical advantages, it has limited reliability and validity [61] , even when a second recall is available. The two surveys are not directly comparable, but they have important similarities which permit some insight to be drawn into social change (or lack thereof ) over time. The response rate for the 1970/72 NCS was low (46%). However, crude comparison of the 1970/72 NCS with the 1971 Canadian census b revealed reasonable similarity in terms of the proportion of women (48.7% vs 49.9%); those living in urban settings (73.3% vs 78.0%); and population by geographic region (8.5%, 28.4%, 35.3%, 16.4% vs 11.4% in the NCS; 9.6%, 28.0%, 35.8%, 16.5%, and 10.2% in Atlantic, Quebec, Ontario, Prairies, B.C. regions respectively). A final limitation is that we only focused on one axis of inequity: socio-economic inequity. Inequities in Canada take many other forms, including geography (e.g., neighbourhood, urban/rural, and larger geographic region) and Aboriginal status [62] [63] [64] . Sodium inequities along these other axes are important foci for future research studies.
In conclusion, the growing number of national dietary sodium reduction initiatives is a trend with potentially significant positive implications for population health. To ensure that these initiatives are both impactful and equitable, high-quality data (including 24-hour urine samples) to permit the monitoring of sodium consumption, including inequities in sodium consumption, is essential.
Endnotes a Although the income variable from the NCS did not take household size into account, the dataset does contain a variable indicating "number of residents in dwelling". A one-way (number of residents [continuous] by total family income [high, medium, low]) analysis of variance (not shown) indicated that families in the lowest income category had significantly fewer residents than families in the middle and highest income categories, which would tend to bias effects towards the null. There were no other differences. b Available on the Statistics Canada website under "Historical Statistics of Canada". http://www.statcan.gc. ca/pub/11-516-x/sectiona/4147436-eng.htm.
